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m 

P = ^xl00 
m 

Sjimt 

= - a^t d^ia ■ 

L •* 

jUllI / ■ 

1/ —j jla 0 ^ U ■ 

A^ jA\ A^Ull (J ■ 

G=L = Ka 

s -i 

G : 

ajc- ^A\ " 

molfm^ —J sjjUai] ^>*1' ■ 

a = Ai[Xi] + A 2 [^ 2 ]+" 

s/m —iO ^^1 ^Uil 


1 







2017 




jj£l j] ojJjjJ -laUjl' ^^c. jjU jA :o->*«VI 

^(aq) ■!■ ^ 2^(0 ~ (aq) (aq) 

[OH~] < C iTf < 1 i K < 10"^ ruLjufl o-l--' - 
[OH-] = C ^Tf = l^K >10"^ :^jflo-'-“' - 

. Jj£l j\ ijJ^jji ^ jjU J* 

HA(^aq) + H 2 OQ) = H 30 + (^^) + A-(^aq) 

[H^O'^] < C i Tf < 1 (■ K < 10^ :<_5jx*2a (jia^ - 
[// 3 O+] = C ^Tf = l^K > '.^4^ - 

10-14 

[HO~] = 777-^ => [HO-] = 

^ H^O+ 

pH = -log[H 30 +] => [H 3 O+] = 10-P^ 

Xf [HO-] wP^-^* , - . 

. Tf = = = 4aAduj 

^max ^ C ~ 

Xf [// 3 O+] 10-P^ ., ... ,,,, - . 

• T/ = = c ^ c ~ 

■^max ^ ^ 

Lol^ 4 La^H 4lL^lj Ajjkjij 

^l^_ill ^.i5!i3l Ajjudj cijjI j 

Ke = [HsO+]x[HO-] = IQ-^^ :fUll jUJt ftJaJI - 
clA + &5 = cC + dD '. duLii i ‘ Qf — 

[CYx[D]^ [CYf^iD]^^ 

~ [AYx[BY ’ [AY^x[BY^ 

[ 7 / 2 ^] “ 1 * ^juiaj 6^^ 

.1 jA L^!>UaA-al Iaj^jj ^li UL^ Cls!)lc.lil<JI jl ^1 (jl£ lil 

: f LaII ^ (jduLuil 

[5H+]^x[0//-V [5//+Vx[0H-]^ x[//30+] 

[5]/ [5]/X[//30+] 

Ke 

^ = X 

[A-]fX[H 30 +]f . „ , , . 

^ lHA]f 

pKa = -log Ka ^Ka = 10-P^- 

[A-]f 

PH = P'^« + l°g[//^], 

3 

J 

60 

? 

r//.4] [^~] 

y \ \ pii 

2 4 ,8 14- 

:^UJt A^j^\ 

.^li. [A-]f = [HA]f J pH = pKa U^ '^' - 

.iulUll ^ Ai^l [A-]f < [HA]f J pH < pKa u^ '^' - 

.^UJl ^ [^“1/ > [HA]f J pH > pKa u^ '^' - 

pH = pKf^ ^nW ia\I ^Jalij .lie. 

L_LaLi]| ^ ^ 

[HA]f [A-]f 

= [HA], + [A-], ^ = [HA], + [A-], 




A^A-ali ^jc. ^ **>1^^,) 4jjJa-a^i AijL^ali (.**n^s i^'^A^j ^^LujI A^Uj L_Lujl£ii 

^U]| ^ c^l£3l Jc^lij . {HIn/In~) 

+ i^lOiX) = + In~ (aq) 

(Jclijli ^ ciijlj 




[In-]fX[HsO% 

[HIn\f 


pH = pKi + log 


[In ]f 
[HIn]f 
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. pH_Si 5 -a^ JtiSljj R = ^ iajjouSIj (3 ^*^ JjS^^SI ^jS (jl 

l 4_Ldj i A^liiSi AijL^i (3® 10 cJ^Vi U^ Jjf^Q‘^^Si (^.l^i 3^1^ Aj^UlSI 3^*1^ 

. Iti a^LjjVI ^jS i^U (JjS^^SI (jli pH ^ P^i “i” 1 /? ^ 10 3^ * 

. HIn ^ .u>»x>^S I ojS ^L JjLs^l jli pH < pKi — 1 lJ /? < 10 jl£ lil • 

^);i*iiSi (Jl^<ftSi i^ ^^^-ajlujj j^^^i j^ ^3^ cj--^ *^1:5 (JjS'sxtSi jli pKi — 1 ^ pH ^ P^i “I” 1 * 



^ 

O^'- UJ -^ pY\ 

pK 

i - 1 pK. 

i H- 1 



S jjU-Aii Jj£jjjjJi 

.0 A^j^liSI .lie. JjS^x>SI JluiA JaijJajj Aj JjlstJ (^iSI JjS^x>SIj A^l^uoiSl !>L<ii “ 
AjtjJajj Ali^lx-o ji^)^i lSjS*^ .^Si j-o ]/ i -^7^^ AjjjjLLq ^^l^ AjuaLd Jaxul^ ^ ^ “ 

^ LnjUl w ^ 

^)jji^i ^ ^ 3 ^Wq^\I pL<iSlj jLi pH _Si ^l^-^ 1 ^^yjijd i*^:?^ lS-uju “ 

sj ‘■^'jS^i *** -^Si C-JJjJa^i ji jj*^ l^jiLjo 

. A^l^uoiSi j-d (Jj)S^<ftSi ^Ljai i'^J -Sa!^ 'S^ftSi (Jxjjij “ 

.(Jj.1^ ^ UJ*^ 'i jSe jx^Vix>Si 0jlliiSij L <a\jk>>x> lS^ AjjoiiSlj pH _Si “ 

<- ^ ^Ix^i (JjS*^ ^Si J ^i-^^i lSjS*^ .^Si UJ^ AiakiSi ^ 

. ^ jLo jluiSi 

CaK = Cb^E -CJJ^ ij£. • 

*^\ Ai (^jLubO AJakill i,^J # 


[A-] = [HA] ^Vi,=Y^pH = pKa 


• (J 3 ^ (jduLuulj (J 3 ^ SjjIjla ~t 


//3O+ + OH- = 2H2O :c>li:ili ^^l^ - 

aq 

■ K = 7-;—7-IT = — : uj'j^' c 1 ij 1 !H 

T+l ft'p J— 


V = 


_ _ CaVa-lH30+]VT _ CaVg-lQ-P^VT 


CbVb 


CbVb 



[OH-] x[H30+] Ke 

: Yi) V^ ^Luiaj .lie. ^l^jli ^.^iiili ^-iJoLi — 

• (JJ^ (jduLuuL ( (jia-A^ S 

^^{aq) + HO~ = ^~(aq) + ^^2^(0 ;Jc-'i^' ^JiU^ • 

: J• 


^A{aq) + HO - A (aq) + 

CaVa 

CbVb 

0 

®j3_« 

^aVa 

CbVb ^f 

Xf 

®j3_« 


Xf 

Tf — - • 17^ ITg. ^ Ailjuiaj .Vie. ^ iSi ^.V<i iSi A uj.ri 

^max 


CjjVjj ^max ~ 0 


^max ^b ^b 


i HO .^Si 3^i Q*i^\i 


[H0-] = ^Xf = Ci,Vi, - [H0 -]Vt = C^Ki, - IQP^-^^Vt 
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QVb - IQP^-^^^Vt 


Xf 


Tf = 


Xyi 


K = 


[^-] 


CbVb 


[ 71 -] x[//30+] 


"U-j^ jjll dulj 


Ka 


pKa 


PHe 






[HA]x[OH-] [HA] x[OH-] x[H^O+] Ke 

i(jj^ ( i\tA^ (jduLuul S 

B(aq) + = BH^(^ciq) + ^2^(0 : Jc-UoJl • 

: J• 


5(a<7) + K^O'^ - B//+(aq) + HzOq^ 

CbVb 

CaVa 

0 

®j3_« 

^b^b ^f 

^a^a ^f 

Xf 

®j3_« 


2 


r - 

~ X 

■^rri.n/y 


* k^\ .Vic« ^ Ajjoij 


CaKi “ Xfnax — ■ H^O'^ jA “ 


^max 


[//30+] = 


^oYa ^f 
Vt 

V = 


X-max ^aVa 


Xf = CaVa - [H^0^]Vr = CaVa - IQ-P^Vr ;^l^l 


Xf 


Xr. 


CgVa - W-P^Vr 
CaVa 



‘fjj)\ jjil dijlj 


K = 


[BH+] 


[H]x[[H 30 +]] Ka 

: ^ LaS 4 Jaij j^luuV A^Uit l>^-^ ^ 

: j£j^ ^ ^ ^ ^ -{ 

. AjjI^ A1^ jI ^ Aj£jaij <Jajail^ Vq “ 

: A^ AjL^ SjLq F a c dj^jj 

. TTi = c VM I Aa!>l*Jlj bbikl l_l^Ij 3I ^ i “ 

. C5^ Allxli ^xjuiaj “ 

• P AjI^ SjLq V 4 C dj^JJ Jjl^ 

^Loi^ ji jjAj l^jjj ^^* ‘■^*** ^ L_L^ij]l 4_ii*Ji <1 j£ l^Lui^ ~ 

. ]/ cJa^ C5^ Allxli ^^juiaj “ 

:^jl^ L>« F 4 C dj^JJ jj^^Vi -i 

. C_L^1 jll Vq 1 ^jii — 

. (j-a-d 4 fcrfol ^jj j-G 4jL^L<i aJojoiI^ 1^ .1^1 “ 

,]/ C5^ jW q^\I ~ 

.JjXolUt J^ljL4 j\ Qj^\l JLaaImL Vq 

kJ JjWaA • 


C = : ASbUJt JUulLmU sJjSji c_ 


M 
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pH 


2008 X 1 

.Alil^Ut^ (Jcllij ^Loli ^ (J^i ^ ciL^ljjVi ^^l_L<u£il — I 

CH.COOH^aci) + H20^i) = CH^COO-^aci) + HsO^ 

. Jluijj^ ^^)iaj (3^J W lij^^ JaC-i “1 

. Jx^laJI JcLiill ^ jiilkl^l (acide/base) j^Uj 51 l_jj£I -2 
. Jclijl] ^1 K (jjl j^l CIijIj 6 jL^ “3 

i C = 2.7x10 ^ TTiol / L^j^\ 6 j^jjj tV^ = 100?7iL 4Vjjjaaj — ii 

.3,7 25°C j.^t ^ aJ 


.ciLjjljjVi ^ ^Iiiluji “1 

. ^max ^.^Ij Xj^ ^1^1 ^ c_Lai^l ^ ; Jc.Lii]l 

?0liijjjJ liLo .(Jc.lij]l Tj^ ^:LijaLi]| ; Uj>i^I “3 

. [CHsCOOH]f j [CHsCOO-]f c> lS^ ,^4^' 3:?^J^' - ^ “4 

. <A ''\\\>1 j^ u iWu\l ^jjll jc {CH'^COOH/CH'^COO ) p/Cci a-g^— cj 

201 IljI^I^ x 2 Jj>^i 

• Cq = 0.01?7ioZ/Z ^3:?^J^J ^0 iCH^COOH 53 

.^vLaII (J^A'S A ^.^AIaII AJ^^IsLA L_3j£i — 1 

•u3^J^^ .lie. (Jc-Liill Jj X^q —J 3^^ .Jclijll ~ 2 


: ^jA 3£ ^ cjj£l — 3 




- 1 


[H3O+]? 

•Qr.ec? = 7 — ^^J ^+1 *lS^' ^ Aljti^ jSaj AjI jLj ‘uJj^' ^ 

^0 \.ti-^U \^q 


•( [HO ]^q ) .[//sO + l^q J^CH^COO- ‘ ^H 30 + uJj^' <^eq ^ 

i^IjaII (Jj.i^i 3^^ tHjLuj A.aJiiluiA]i cjli 7 L*ii ^i.iaJlujlj — I — 4 

^cH^coQ- = 3.6mS.m^.mol~^ ( ^HsO^ = 3S.9 mS.m^.mol~^ J UJa 


p 


[■»!Oc;)],(”'o'-i') 


c{mo] L ^) 

JV^ai 




0,016 

1 ,0x10“^ 

*^0 




0,036 

5,0x10“^ 

•^1 


^ 3^ 3-31 3j£ j!i 3 l — cj 


. Qr eq 33^ 3^^^l 3^ “ •'^f c5^4-3t 

2008 Lj Q t^tj^ '3 

u3^j^^ L>^ ^ — 10 ^ TTiol/L^j^\ djj^jj C5//5 — COOH 43 jj3i3I ^>>a^\ (Si) ^j\^a iklj — i 

.a = 0,86xl0“^S/m U.i^ ^jill aj^Lj 25°C ^j3I 

.^IaII ciijj3i3^ (3>»A^ 3j^**^^ ^AaIaII 3 ^^-^^ ^JIsLA L_u£i — 1 

. 3^^-^^ V 3*1^ — 2 

•u3^J^^ .lic-^S^) 33^^-3i 6^^13x31 A^l_iAj£ii ^133^ A33Aii 3:?^^33^ C-Aui^i — 3 

Acg//5-coo" = 4 m5.m^.moZ“^ < = 35.0 m5.m^.moZ“^: :ijl>ill ^>.11 
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2017 \/JL^J^ j^ia3 :4 SJL^^t 

?0liijjJJ liLi . (Jc.lij]| T'lJ^ ^Lijaull ^jI — 4 

,k^^\\A\^\\ (jjtjiill cijIj ^ u<,i^) — 5 

.25°C ^ pH = 3,2 Aij C 2 — C'l 6 HA aJ (^ 2 ) V“ ii 

.^L(ili cllilijjj^ljjd]i "^ 2 / Ajjouli «i^ji — 1 

.^jSI (j\ ^liLajI . T2f j'^lf UJ^ “ 2 

2011 t 4 ^yJjX^\ 

Jc-lijllj ^‘^-<45 ^-1^1 ^ CH^COOH 

CH2COOH{aq)+ H20(£) = CH2COO-(aq)+ H^O^^aq) 

•a = l,6xl0“^5/m U:i^ Cq = 0.01mol/l^\sh'^\ ^>31 ^U3I 25°C ^ 

,Jj^\ liA ^ '‘^JJ:^\{acide/base ) cijUU^I - 1 
.[//3 0'*']^g j Cq K ojlj^l ^32 djUc' — 2 

^l^Vl Aj^^Ludll A2>i31 A^^^l Cjl^lillj A2>i31 ^3^1>31 a3V*ij Aia^ (J£ A^^^l A^lill 6^l>3 ^1x31 (2£jjd31 ^ 3^*j — 3 

.(j(t) = 5 j^=i *Axj>^31j ^ 6^1 j1a31 4>Ll<u^I 

^L13 ^Ii3l ii3£i!i31 ^(0 Aj3aU33 6jl>3l l_u£I 

.dj^LaJI Jc.Lii31 — 4 

.A^l_L<u£il 4 X< 1^1 2 j 3 ^ -^31 6.1^1 jl<a 31 A^l_L<u£il ^l^Vl ^ q 3 “^A A 2 j>Jl ^^^ 1>31 L^jlU^I — 1 — 5 

.K ^Luu^l (jjlj^l cIajIj C—Lol^l — CJ 

y^Vnun liLft. Tj^ ^.^5j 33 4>l^l <ijL)ii3l ^ 

^CHsCOQ- = 4.1m5.m^.mo/“^ t ^// 30 + = 3S.9 mS.m^.mol~^ :cjUajL4]t 

2008 Ljt ^ i^tj) >5 

G A-iislj]! •G — 10 ^ TYiol/L i = IOOttzZ/ ^f'*' 

. G = 1.92xl0“^5 cASk li = l,2xl0“2|n <3^ ca .^ ^a^UII jl^ 25°C 

2j3^-^31 >i 1^ ^31 4*<1^31 ^^5^1 4jj£ LUjot^l — 1 

.^3^1 c!3j>3iijVl ^AAL<i31 3^3-^l A3^3jt-(i l_u£1 — 2 

, 4j 2j3^-^33 (7 >£>31 a3V«i^ Aic. >^j ^max ^^*^^1 .3c-3ij31 ^.^ij3 Vj>^ ^5"^^ — 3 

* -^33 (j 4^^^1 4 ^ 3 _i 31 d^ 3 -^ JaC-l l\ — 4 

.4_ilki3 k ciijl431j Jj3^^33 G A^3i31 3 JVaj 
^j^l-i^l a2>i31 4.^3_i31j ^}{^Q+ ^‘^^12d31 a2^^1 A^3_i31j i [-^s^"*"] ^ ^>jj^>^l ^^Ijjj^ ^>^31 >£>31 A3V>ii 

.(^1-a 33 >li31 j>^ij31 cW ) ^ch3COO~ 

c_Lai^l . ^cH^coo~ J 2//^(9+ ^ k i G (ujlj^l ^3^) "^3.^1 ^3jaJl ^ [^30"*"]^^ ^cliLajl 

. 3j)3^<q31 pH A>3 ^Vnuil j _^ 

?^3-^l 6^ Qrf 2^^ C >£>31j ^3-^ Qrf l]^ 3-^1 >ii£ 6^3.^ *^jl — 5 

.(CHsCOOH/CHsCOQ-) ^lii33 pKa >^1 - 6 

2 ^ 30 + = 3S.0 mS.m^.mol~^ j ^ch^coo- = 4mS.m}.mol~^ 

MiH) =lg/mol . M{C)= 12 g/mol . M{0) = 16 g/mol 


6 
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^2012 LjL^I^ :6 

I (jjj^ ^ C;l = 10 ^ mol/l C 5 H 5 COOH V = 200nil 

. pHi = 3.1 aJ pH 

. ^Loll c^Lj^^i^l (jMaxi'S (2c>lij L_u£i “1 

. (Jc-l-lili ~2 

? ^tllLajJ liLo i Jc.lij3l JcLlill 5-ljaij ^ Jui^l “3 


C^H^COOH/C^H^OO ^LuU ciajIj sjUc. l_jj£I -4 

2 

IL- 

-Tl^ 


ai 
T ^ 

Al<i4a L-Loi^) ^ 4 = Cl jl dm! “5 


i C'I Si ^ C5^ ^LaIIj Si 3 2 O 777 ./ ^ .i^lj “6 

. pH'^ = 3.6 6^ Jjl^l pH —1\ ^ 

C'l = lxl0~^ mol/l J Cin\ -1 

. ^Llll ^ Jc-lij] T2j^ Ajjaiil A-<4^I lui^l — CJ 

? 4_ljalj ^ 

2009 lj>^l^aj t7 

• (mol/r) Ij^ C i>j^ jj CH^COOH Jjl^ 

.^LaIIj (JjL^l-^i ^^l_LGj£ii ^^l_L<u£ii (Jc.lij]l L_u£i — 1 

.(^jIjjJI Jc-lijll ^j2djl — 2 

.^3c.lij]| Ty" t C [//3 0^] 09^ J^ ~ 3 

T ^2 ^ ^ 

•Kcl =-* J£-ki31 ^^ic. (^CH^COOH / CH^COO ) ^UjH ^da cIuIj ajUc. ^U£ (j^-<i-j ajI — 4 

l-T/ 

.dUjI Jj.1^1 ^ 0jtiill ^jdj (C) Ailik-d ^ jj (J^l ^ (JjVill T A-<4^ J.ld — 5 


C(ff;o/.L-')xl0-' 

17,8 

8,77 

1,78 

1,08 

o 

X 

1,0 

1,4 

3,1 

4,0 

A = l/CiL.mor') 





B =rV(l-r) 






. A = /(5) jUJI L&^ - .cS^LoJI Jj^l - 1 

. {CH^COOH/CH^COO ) ^Lnll /ca djlii ^ 

2012 : 8 
. 25°C ^ lS^ 

pH = 3.4 aIj Cl = 10 ^ mol/l ^><^51 jj CH^ ~ COOH ^Aa^\ Si U^>jja^ ,1 

. ^L<i]i L_3j£i “1 

.^Ul ^ V C //3 — COOH jl “3 

.... .. ^ ^ 

A^joij ^ AILi^ C-Loi^l ^ 4 Ki = C^- I ^i^AxlU Jc-lijU (jjt j^t dljlj Ki J Cldl “4 

/ 1—T^jr 

? 4^ A^UtJi AijL^i cJ^dj ^ ~3 

iaI a^^ 1 A^Ull i C 2 — 10 ^ mol/l * J j^\ dj^jj 5*2 ^ Ujx>>^ cs^ 

(7 = S0ms.m~^ 
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^.l^ijlAli ^J^Ljdli ^^^i^)j]i L-Lui^i “1 

. /^2 ^ ^ 2 ^ * cl)^ c-Jjlu^I 2 

? AAjjil '‘^\S 1 ^\ j^l jj]| jA Lg “( “3 

? ^j^l jjIIj ^JIjjII CIijIj (3^*^ cJ^“S-J 

Acz/jcoo" = 4.1 m5. m^.moZ“^ J = 35.0 m5.m^.moZ“^ 

2016 l^^l^lJ j 9 

. MiCeHsCOOH) = 122glmol 25 °C ^j^l c,U^\ JS 

dj^Ujj 3^l^)-a]i ^AjjjLijji C^H^C 00 H ajxja^ JasL^^ 3 <i*i1ujj ^ 

^ li!>Uaj| C^ = O.OllTioZ/L ‘ ^1 ~ SOtTIL (*5*1) ^jWa Aid jx>>^ 1 . C5//5OO 

. Co = 0 . 02 s mol/L J>d 51 j^jjII 

aSLaxIuoI Vq ^ 

Ld ALd*labdll CjI^L^ 3^I (*^l) <-J3j£JJJ^)2t “L^ 

. (50mL , lOOmL , SOOmL) cS%^j^ - 

. (5mL , lOmL , 20mL) cjL^U - 

, ) — 1 3^3^^ C5^ ClljL^Ldllj (j^^Ldli Aj^I^ ^UajL^a-d I jLd — ^ 

. 3.12 Aa^I ^^^Iac.1 ( 5 ^) pH oj “2 

li (jjj^^LuLdli ^>><d^ I(^\jji\ Vi 11 1 ^ >>>^ ^Ld]l AS.iljt-d L_ 3 j£i ~\ 

. Qr/ Jc-Liill ^ u<,i^l — c_j 

^Ldli (j-d ^ cJ^ ^ ^ ^ LI'j lit \* ^ Ja!>Li-d 3 ^^ C*^i) l)^ IO777.Z/ ^ ^ —3 

: Jtill J^ ^jid]l ^llill 0 jU 3 I (JjKx>1I pH ^ 


13^2 (9 L-sljJa-dli ^Ldli 

0 

10 

40 

C(mol/L) 




pH 

3.12 

3.28 

3.49 






? A-lLditSi 6^ ^^^jLiuialix-dli Ja!^A<dli c3^ Ld “I 

Ty^ j C AjjlaA^i (J2La^-di] ^Ldli ^Ljaj ^liluolj 3^1 “ 


Aaln^i a 2^^ 3^^ 3^ HA A ^3^^ <d^Vi 321^^ 


cijnoilL) 

1,0-10"' 

5,0-10"' 

1,010“" 

5,010^ 

1,0 10“^ 

pH 

330 

3,28 

3,65 

3,83 

4,27 

\hP^\ (mo/'Z,*) 






(?W<5/ -Z'^) 

L J^ 






[iil]^(mo/.i-') 






t-i 

c§ 

1 

1_1 1 _ 1 

tS' 







2014 tlO^yJjX^^ 

Ajl-d!^ 3^ ilHoaVt C__llla ;Ajll3ajll JL^C-Vt A 3 

6 25°C 6^3 3 3jl=^ 3^ pH c>^Li5j 

: JIj 11£ 2^lliJl ciul£a 

^ JQJ^ A^ ^juia3 ^ -3aC.l~ 1 

fi3i^3 HA L_lijL^a]l ^)Jjla^ 

.17 C 

j u»^ HA 3^''*^^^ ~2 

. p.l3i Alolij a1.^Lx.^ 
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. (^Lull d-^i ~3 

.(HA/A ) pKa dul^l pH ^jL^ .1^—4 

j pH = / (log j' “'“5 

\ yHA\eq/ 

: Jtl 3 t cJL>^ HA Ax\k^ ^**rruJ ^ (HA/A ) pKa dulill 


AjjLiIII 

HCOOH IHCOO- 

C^HfOOH IC^HfOO- 

C^HfOOH IC^HfOO- 

pK. 

3,8 

4,87 

4,2 


.Ajjuia-a^l ^ ^>ili 

J^^2015^b:ll oJ>^l 

. 25°C ^lic* pH = 2.9 a]j C = 0.01 Ttiol/l V HCOOH ciSj^tnAll ^jWa jjja^ ./ 

. (Jc-lijli (jul'sl.l]! ^^Luii) ^jjlmljjli ^vLaII L_u£i “1 

,(^jc,l^l (Jj.1^ “2 


bLi . Jc.lijl] Tj^ ^Ujoij 




-3 

. (iHCOOH/HCOO-) ^uai pKa _S1 ^ -4 


jl^l ^—“ AJjouII 6^ (J£ ^ L^Aut^J C Aill^ C^H^C O 2 H (J>>A^ (JA (J2La.A 6.1c. 1 ,II 


pH 



log 




■PH = /('o.iSt^i) 


[C 6 // 5 C 02 //]> 

. (^C(,H^CO 2 H/C(,H^CO 2 ) ^uiaj.4aJl ciulj Ka »jUc- ~1 

{C(,H^C02H/C(,H^C02~) pKa _!l Jjl^l pH A£il^ -2 

[C6H5CO2-] , ,„ 

• - ^JjaiJj) Q 

[CeHsC02H] • 

(iCe,HsC02H/C^HsC02~) pATa dijiai :Ui cM “3 

La^ j1 CaaIc. lil C^H^CO 2 H ^\ HCOOH ju.^A^ll ij\ -4 

. j^ ? J 

Ljb^l^ 2016 :12 

. Cq ® JA ha ^ Aa^ \ Sq Jjl^ djjjli 

.<vIa3I ^ HA J^' -1 

. Jc.li!i]| ^.1^1 Jj.1^ ^j2dj) — cj 

• 6*0 J 3 pH 3c.lij3l Tj^ 4^1^) ^^UjoiaII ^ 

6^Li*JIj ^ lixj Sq pH (ji — *1 

. pH = pKa + log ^4^) 


4 qV'^-v 6JAaa 341^^1 Ac.ja^.a 4 c.5^ Cq ^jaII ~2 

pH — f ^/op ^ ^ajjo iJ^pH _li • Sq 3^1^^^ cj-® li!>Uajl 

.^l^l ^^^i^AAll 4ial ja]| djUc. — I 

. (JiA/A ) ^UjI] KcL CIuIj ^clnjoil —^j 
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. T^ — 0.4 cl^i (3^ HA. l^UlSI ^^l_L<u£ii 

. Cq ^j-<ili l-llu^I i jpH — 4.2 160_j cJj^^ -v ^\i ~'^ 


. djjjli]! ^ ha ^>>a^\I . {HA/A ) cjI^Ij^I 1 pKu cIajI^I ^ cJ o^. ~‘> 


HA/A- 

CHsCOOH/CH^COO- 

HCOOH/HCOO- 

CeHeCOOH/C^HsCOO- 

s jj^L. (J2L^I 3£ 

25°C ^ 

pKa 

4.8 

3.8 

4.2 


2010 iljLui^U) ^13 

. jW^aII ^Ia31 ^ 500 ml ^ aIa 1^2 L 2^ iNH^ j‘^12ii3l jliJ (5*^) Jj\^a jjx>»Vi 
• Vm — 24 L/mol 5j^),^l Jajjjjj ^ C^ t(^5*i)C^ c_Lai^l — I — 1 


. JjL^LaJi ^Ua^I J^.i<ua]| Jc-liil] ^Ua^I 5JjLxa 3I — ej 

.11,1 ^1 25°C ^jJ ^ (5i) J pH uj - 2 


^ jA\ 6 jijV = SO ml 


a] ^ j^\ ^U]| V = 100ml 


? ^cliLaJj IjIa •T'lJ^ ^1^1 Ajjolj 

(S 2 ) ^j-o (JLaC-'^l ilHuiVi — 3 

.(5i) Jjl^l C„ = 2 xl 0 -^mol/l 

^^ 5 * 2 ) AjuIaII AjIa*]! djl^jia^l Ia — I 

,(^Jc,liji] Ajjjdj Aa^ L-Lui^i .10,8 (^jLujJ ^W (^* 5 * 2 ) pH Aa^ ^jj — 

? Jc-lijll ^Ua^J] A^l.iljVt 511.^1 La ~ ^ 

.(NH 4 (aq)/NH 2 (aq)) ^Lnll ka ^cjjIj ^ Ljjai:i.l - 4 

1 14 

.(jj^)Ajli (JaI£ pIaH ^^i'21 (.^i£ij]| 

^j C = 0.02 mol/I j^ Af //3 j.iljudill jli] (S^) ^ “t 

. a = lS.3mS.m~^ : U.iaaa 

.^IaII aJ.^Ijla L_jj£i “1 

i djjLaJl Jc.lij]| V j.1^ ^j2dj| “2 

. Jj\^a 1I ^ 6.1^1 jlall .il jaVl j^l JJ ^dJOl^l “3 

y^Vnun liLft . Tj^ Ajjjdj ^ um^I “4 

.{NH^^/NHs) pka _!1 Aa^ ^liiujl ^ (Jc-lijll k (jjljiiJi dijlj Aa^ c_Lai^l “5 
. 20 6 .^.X<UJ (5'^)2ji^.A]l i^ li!>Uaj| V 2 — 200 ml aa^^ ( 6 * 2 ) VJjja^ “L. 

•(*^ 2 ) 6*2 “1 

. pH = 10.08 jl LaIc C_Ajai^l ^ ^2f ~ -^^-^QpH-pKa ^2/ ^ ~2 

Ajjoij ^^ic. (Jjia^l ^ J^3:J 3^ ~3 

. Ke = 10“^^ t '^yv// 4 + ~ 7.34 mS.rn^/mol 4 Ao//- = 19.9 mS.m^/mol iCjUia*-. 

2013 4^b> «15 

^ L>® ^ ~ 0.72p I aJj£ c^ij CH^COOH 5*^ VjjJa^ “1 


. 3.3 aJ pH _11 ciijl£ 25°C djI^pJI A^j.^ ^ ( jW<iAll ^.IaII ^ja 800ml 
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M(C) = 12 g/mol 


. 5*^ ^1 S-^ 

. ^Ldli (Jolij] L_u£i 

. (Jc-liiill 

. 5*^ Jjla^l V * . V j pH l ^eq U^ 

. 4.76 : ^ CH^C00H(aq)/CH^C00~(aq) : ^\jL^pKa—l\ ^ J oij -o 

tiq A_L<i£ a 1 cJj^^ Cy^ 1^2 ^o *^i o-® ^ 

. NH^ j CH^COOH I cjjLaJI Jc-lijll -I 

. K (jjl jiill CijIj c—Loi^l 

. Tgq = • 3^2111 cJc.lij]| A^joal) 

? 0mjaJj liU Tgg 

M(H) = 1 g/mol , M(0) = 16 g/mol , pKa{NH^^/NH^) = 9.2 

»165;J>4J 

.HCOOH CH-^C00 cji^ljjVi ^)juoL^i 

CH^COONCi (jxi O.ItTIOZ c jlaLJI ^-LJI ^ SOOTTII ^^ic. ^jJaj 3^1 (j^a 

. ^yiA‘\ QA O.Ittt-o/j 

.^Loii — (Jc-lij Ajl <*—J^l^i L_Jj£i “1 

. dj.iLaJI Jc-Liill Jj.1^ “2 

. Qri cJc«lij31 ^>jai^ (j^ “3 

. Tj^ Jc-liill A^l^l Ajjaii]! 3c.lij]| Cy^ ~4 

.■Sj^).^l ^ Jc-lidll ^Ujoali ^IiLjjI /C = 13 13b ^1(jjljj]l CijIj (j) Ixlc. “5 

?c>li:i]| Tj^ A-g^ qija^ “6 

. 11,3 Ia. 1^ pH —SI c>^ ‘ ^ ~ 100 TTil Aa^^j C = 0.01 Trioljl CH^NH 2 Cjy^^ cJ^^JS (5 *q) 3 jS ^'0 

. (^^yiA‘\l^\jji\ ) cijl^ljjSi ^LaSI ^a (j^i (^A^S L_jj£i ~\ 

. Jc-lidSI I^A '^j'^ 3^^ ~2 
?0mjaiJ \ 'Aa j ^.lijSI Ajjoij C_Lai^l “3 

■pka = 10.6 CH^N/CH^NH 2 pKa —il ^ jl ou -4 

(^N + HCO^ ) cijljjj__)Sj CH-^NH 2 l1:A^^ l>^ uj^ cj'ijxll (^jluiLi ^3^ ~5 

I 3^S-iiSi .71 = C]/ • 3^S_9!L<i 3^ 

CHsNH2,^^^ + //C03-(,,) = CH2NH2\^^, + 

. ^LojI — 3^Sij jA 3 ^S-^i (ji “1 

. ^ (. Un^l ^ Jc-lliSl V J^ 3^' ~s-^ 


d.^L(iSi AaaS^ 


(aq) 
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. Jc.lij]l ^jl jj]| dijlj k 

(x )^ 

Xj^ C-Jjoi^l ^ 6 /c = -2 • ^ ^*J Jc-Llill ^jl Jj]( CijIj (j) J 

{CV—Xf) 


?^ciiijaij liLoj Jolijll t j^ ^1^1 5-^ 

?^^^ic.lia]i 'pH _Si (,5^ ^ ~J 

pka(HCO^/COl-) = 10.3 . Ke = IQ-^^ 

2012 l^^l^sij >18 

. 25°C J2U.2I 

. f.La]l C(,H^C00H (J>».a*tl SOOTTII ^■<'•>*> S 1 

. ^L<l]i L_Jj£i “1 

. j ^Luii A^Lni] Kq^ 4uJajx>^\l CijIj JaC-i “2 

: dj^jj (^NCi^(iq + OH c!ljj^)iJl cJjW^ (j-G = 2077iZ J:3^ “3 

. LjLiaA]| (jjoLoiVl pH JjiaJ ^ w Cfj = 0.2 TTlol/l 

. ^JIx-0 L_3j£i —1 

? L<i^^A<<i Lo 6 J E (jjllaii]l Cjl^l.i^i 

• Cq^ .1^ — ^ 

^X^jcIulaII 777 . A]j£Ji L_Lui^i — ^ 

. CeHsCOOH/CeHsCOO- : ^Uai :L^ ^ -o 
^ pH — 6 ‘lie. ^UlSI cJ^-^ ^ “J 


>ff 



















1^ 














■ E 







































E' 























m> 




0 2 4 6 8 10 12 14 16 18 20 22 24 26 


M(C) = 12 g/mol , M(H) = 1 g/mol , M(0) = 16 g/mol 

2013 l^^l^alj :19 

i C^H^C 02 H = 2O777/ \ 

JjL^aaJL<Jl ^lli]|. Vjj 4 Cjj = 10 ^ TROl/l 

pH = f (V^) J cl)^ I gjle 

6jjLjt-(JI 4-iLax] ^ 3a ill Vi cJ^j^ ~1 

. J pH _SI ^ “2 

. 6^1*-aSI L_Jj£i “3 

: “4 

. C^ c um^I ^ ( E 3^1£j 31 ^Uaki -i 

. CeHsCOOH/CeHsCOO- ^liilS pKa _SI ^ 

^ (j^A^ ^1 ^ Vfj = 0 (J^S pH _SI 
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ljLu^Ij^ 2016 :20 


Ke = 10“^^ 4 25°C ^j^l ^ JJl^l 

AjujL-all j ^V^l la 1 dlilil AjjjJaC- ^j^Li^l CjI jjjli jJC. CjIj x> ^jUc. ^Uj) 

^ Cj^ ^d — 'ZOtTIL S^Ljlaj ^li 41^1.1^1 L_S^^)*ji] . HA. C^ 4 ^ 

4.^1 JJ jl<s pH JIaxILoiIj .Cjj = 0.02 Tfiol/L J^ "I” HO ) 

^UjI ^LjoVt ^ pH = f (Yb^ ^ W ^ UL 4_^LLg 'jlg'S 1 4jjjL<!a^ 

. 6^1jLa]1 

.^l£j]| 4 Uqi\ Ja£.i .1 

^yfuJ j ^l£!ili 4jaaj 4,**i\ ni.l^i cl):?^ *2 
. ^L*-a31 

. jjljt-<ill 4.5^ ^ (^HA/A ) 4^Lii3l pKu *3 



2 


Ubiiiii 

^jlll j;i*^l Jl-^ 

jj^j^jjji JJ ji 

6.2-7.6 

4jJlji 

8.2-10.0 

(JjIaII ^>A^i 

4.2-6.2 


(HA/A-) um\ 

pKa 

CH-^COOH/CH-^COO- 

4,8 

HCOOH/HCOO- 

3,8 

Cf,Hf,COOH/Ce,H^COO- 

4,2 


.C^Jxjuia HA ij\ C-jLoi^ 4jjJ 4j^ I^LuC-l .4 

.djjlx-oll ^UjI CjjL^I JjVll Jc-lijll 4j^l*-A l_jj£I —( .5 

^^cHLajJ liLo .Jc-lijll 1^ K (jjljiill dljlj 4 Uj>i^I — CJ 

?d^ljt.xill 6.1^ L_Lu]LL(li 4j^^L(Ji L_Lijjl£Ji Lq ~ _^ 

2008 lj>^l^^ :21 

L-ui^i 4jj£jj 4Jai^i Jaj^)jjo V Lo.liC' 4jj^ ) (.^Iu£3Ui 43^ ^ iSj^^ 

CH^CHOHCOOH ^ 4u£:^l ^Lh^> 4xj.^1 2.4x10“^ mol/L cj^ 4J 4u£3U) ^>;a^ jj 3j lij 

^ C3:J^^ 4jJ.\)/^ll ^ ^ A\ 33<^Vi 4_k-a^ ^UjI .HA i^L^^al^i 3^^J 

. 4.JJ^33l^3 

djjlcj 4 n\^\l (j-o = 2077iLtcJj'^l .lL<Jj]| iki J^jVI 



Cb ~ 5X10 ^ TTiOl/L d3:i£jj ^jj.ijjL^I Jjla^ 

.JjILJI ^ W*^x>1I ^^Jc. JjL-aaJia 4 jIa pH 4Jaja3ljJ pH Clilj^ U fVU 

cjJaJl (j-ft Vd — 20777.H^>^ .luilill ;4 

^Li]i 200777-Z/4 ^Jjuai (jl ^j ^)iaL<ili <vLa]Ij 

.V^ = 12.0772Zy I 4j^ Ail .ViC« L_Lijjl^i (jl Ja^3i^ L^LLq lijujlS ^L^x-boix ^^Luli 

.d^ljLXili AjLax] ^AaIaII 3c.Llili L_u£i — 1 

,4^j'^| Aj^).a^ l-<^^ ^ 

^^l£;i3| Alaij cJ^ ?4^1^l 4j^),^l ^ ^LaII .\u 1MI ^Ljal \'Ajo1 — 3 

?cil!X^ljjj3U 4j^3L-a (^Aa qC. gVnun lil-A J£ ^ jjLstAll cjJaJl ^ cil^3UI ^>>a^1 L^ “ 4 

?4i.i jj£l Cjl “ 5 
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2010 ^^-t-uj^ lj>^l^D^ :22^3 j>4IJI 

.25°C ^j^l ^ ^Ull lSJI^I 

i^j^till HCOOH(^(i(j^ ^Aa^\ (Sq) 

^ ^)iaL<i]l ^.LJI ISOttt-L 5iljJaj i^\ ^ 10 (Sq) Vq = 2077iL 1 '^jVI 

•(Si) 

(A/^d"*" “h HO ) >lijai£j^.^^ (Jj)\^<Qi d^lsuj (Si) QA Vi = 2Q777-Z/1 IA j llMi 

3 “ J^joJI (jyt 6 jjljt-<ill 0 jllij Clikc-I . Cjj = 0.02 TTlol/L^j^\ dj^jj 
Cjl^L^3^i (Sq) ^^Luiiaiklj ^^)jjoi — 1 

5jjjjjJa]| 

.6jjIx-<JI ^UjI cjjL^I Jc-lijII l_jj£I — 2 

3Jj 4^1 £j 3I <jakj “ 3 

(Si) 

A^Lnll /cd Clijldl A^j^l (jl^t ^^ic. ^Luc-Vli “ 4 

.{HCOOH{aq)/HCOO-{aq)) 
.(Sq) 3C5^j 3I j^j3l — 5 

2010 Ca^ulaj*^ t23 



4^ pH 


. C^H^C00H j ^)£jai]lj ^\jil\ 3 ^^ ^^2 .yuiSl 3 -® 3 j^^ 

la “ 1 aIa >^3 (31 j 3^'^j 3:J^3^^ ^^)x 3 d^Ut-o ^j3c. .^^^>311 .i^i 

^jjJjju3l .lijja£jjJ^ 3 j)^^^<' AJajoit^ d^lju ^ ,^>A^ C 5 ^ •AXJ 3 ^ CO 2 SOtTLL 

. C^ = 0.1mo;/LJ>3l 33 jil( (iVd+ + HO”) 

33a*i1u31j 25°C A^^3i .lie. 3^1^^^ pH 3^ ij-^lli 3?^ i—sLja^l ijju3j^ia 1^^ 3 ^ — 1 

.1 — 3^311 . pH = f (V^) c^ 33I ^w \a\ \ ^j 3^ 3L<ua pH —11 
•(-^ 31 ^^ l^j^)j 331 l^^l (^jiaA^l (3 jj331 
3^^^31 ^iaL<H 3 ^ 1-^1 3 ^ 6^)^x- 31 43l_L<ij£il ^iljt31 (.. 3^1 — 1 

.6^1x31 3^^^ 3 j^1-^1 ^""^1 j-^j^ll 

.E 3^1£3I ^Uakj ^^li^li^j 3il^ 1 ^ ~ 

• Cq^ ^j31 3:J^3^^ ^clilujl — ^ 

iL_sljJa31 ^jj1jjl 31 ijjai£j^i^ = IOttt-Z/ 3^1 3^ — 2 

.3c.lilll ^i31 V 3-3j| — 1 

cj3j3^j . H^O^ 1 ^ 1 ^^ 3^0 3^ diLo i^jl — 

. ^i31l 31 ijatyM^ ^^^Ic.liilt Jajujjll ^ Ajin3l 3 j j3iJl 

(_sjujl j£ll 3:^ 3 ^ 1 £j 11 a umLLaII c *<>31311 ja L® — 3 

^ 33*111 ftUil 6 ^j£i31 



0 2 

,3'^=-3Jl 

cllsfcA pH 


6.2 - 4,2 


7,6 - 6,0 


10.0 - 8.0 



Vb(mL) 
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2016 CA54-a>9:j J^jic ^24 Jj>^i 



. 25°C .lie. 6 (JJLa^l 

cj\j^ ^ jV 

HA. i^L^^alki a] HSO^HH 2 Ajua^I 

. (P%) "^j^j 

^>iA^l j>j>ia1I (Ja 777, = 0.9g Ali£]l V — IOOtTIL aA^ k^ 


. C^IiaL^^^juH 

.^vLaII ^>>A^li (J!>L^1 AJ^IjLA L_ 3j£i “1 


. (S^) J^l^l AjIaxJ c Uj-iIiaII 2j£JJJ^)JI \k^ “L^ 

p.La]i SOttiL a! L-Sjlajj = 2 O 777 Z/ ^aIa *i^lj ~2 

^l£j]| 4Jaaj . Cjj — 0.1 TTiol/L (^NCi^ “h HO ) ^jjijju^i Jjjai£j^.^^ aJojojI^ d^Uu (2^jji]i 

. J)H^ — 7 (jj^j {Jj\^a qji^ ^JjE ~ I 5 . 3777 Z/ ^Ljaj .Hc. 

.(J^jjili A-a3^)A]i ^IajjjI L_s^^ “I 


.6^1*-a 11 (2^^ ^llxA L_3j£i “S-i 


• 2 j\^a1I ^ 5jIaa3I ha ^>>a^1\ 777 ^ Ali^JI ^ (* 5 *^ 4 ) 2jl^^-23 C^ J2 j£j2I c-loi^I —^ 

.(^jL^I L (P%) SjUill C_Lud^l — J 

M = ^7g jiTiol * HA ^>>a^ 11 52^21 Ali£il ^ 

2010 Lj[jL^[^ t25 ^yJj,^Jii\ 


. jJaLJI ^,121 ^ 100 TTil 6j15 ^ 777 <ii^ 2^ CH^COOH 2jjjljjyi (5) 

.3;4 aHa^ ciiil£^ 25°C A.^^2i lie. ^)1 a pH_Si (^LiLo AJajoii^ C^) 2jS'^ ^ii pH 

.djjL2l ^Lia^I 2^i-<ii2l 2^i-^i ^lijtA — 1 

. Xj^ ^1^1 ^221 ‘^ji /m . iAj^Si 2^i^i ^22 Vji^ ^5^^ ~ ^ 

4221 <a 2 777 gVnuil p .C = 0.01 mol/L^jA\ j^Ji\ c) Cx^Tf = 0.039^4^1 ^221 ^4^ CaaIo lil 

.(S) 2jl^t,^AKi2l 

aIa^I (.5 ^ 1^ Qr/22^J^^ 2^i-^i 2^i-^i L-Lui^i — 3 

.lijja£j^.^^ ^^^joiLuai 2jS^'<> Aiajjji^ AIa = IOtTIZ/I a^^ ,^Sju 2j)S^'<>SS C ^j2i 3:i£^)2i A-o^ ^ja .^121 ^ i — 4 
6 jl.^L<i ^^^joiLoiVI 2ji^^i L>^ ^Lukaj Aic. ^l£2l vwj^ Cfj — 4x10 ^mol/l J^2I (^Nci^ ~\~ HO ) ^jj 1 jaa 2 I 

. VfjE = 2SmL 
.6^1x21 2j^j^j^>2i ^)^^i /i 

2j^**^Si 1*^^ ^AAj2i 2^i-^i ^2^1 

.HjLjj 2 lix aSI a a i^Si ^A 4^^li 2j)S^'<>SS C ^j2i 3:i£^)2i Aa^ l-lui^I 

y^jjjjik^li .iijoi^j^i^ 2jS^'<> (2^ 12,5 TTil ^Luiaj AJa2 0j2^i pH Aa^ Ia ^ 1 

M(H) = Ig/mol . M(C) = Ylg/mol . M(0) = 16g/mol . pKa^CH^COOH/CH^COQ-) = 4,8 
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2013 x26 

4^U]I . C = 10”^ TRol/l dj^jj c V CH^COOH S 1 

. a = 167715.771“^ : cA£k 25°C sjj^( ^cr ^jill 

.^LaII c^LjjliLVi i(Jcrlijll <S.^ljt>i L_jj£i “1 

. ajjoi^I ^ 6 ^jjjLudll <^U]| 2 * ^ ^ 7730 ''"^ ^CH^coo~ J ^ 5* [^sO"*"] ~2 

.3.4 ^ JjLj^ pH —1\ ^ j( oij -3 
6 Q^q ~\~ OH Q^q^ ^j^Ij^I Jjjai£jj.^ 3j'^^ AJajojI^ S (3jIjuJ) \ ~4 


.Aic. pljjij 


[CH3COO~(iaq)] 

[CH^COOH^aq)] 


= 41.43x10 ^ cAS, 4 6jjU-(i1I ajLo . C^ = 2x10 ^mol/l 


[CH^COQ-^aq)] 


— 1 I Ajjadili 1/^ — IOtti/ ^Ljaj 


[C//3 COO//(aq)] 

C //3 CO 0 //(ciq')/C //3 coo ^Liil3 CaAi Kj^ —) 


• Va ^ 


^CHr^coo- — 4f.lmS.m^.mol ^ j ^h o+ — '^^■0 ^S.m^.mol ^ 


2015 >27 

Cjl-lliLd 4jjaii£ CjL^^ ^\ ^)3aaj ^\ j (^J^ULkL«a]l ijA c-jic-i 

AII^j CjUj£-<i Alc-lij Alllic-li] i^)i^ C3//5O3 C5^ iSj^^ C. 5 ^^ Cjll]ai<a]l ^ 

cjLi^jL^I ^ L<ill *OjJ^ aIxA^ ^^ic. (Jj ^Ljaj i Aju3a]| ^ 

. P = 45% L-kJaxali (.^ijj£!>Ui ^jl<a]| Ajjaii]! “ 

. M = ^OgI ttloI “ 

. p = 1.13/c^/Z (^jL^^l L A-Ldi^l aJj^I “ 

3jla^l pH ‘ C = O.IttioZ/Z djj^jj 3j'^^ Cy^ V = SOOttlI jjja^ — 1 

. 25°C ^ pH = 2.4 

.^Ldli 3^^-^ ^ L_u£i ~\ 

.3c-lij3l VJ.1^ ^5^ 

.^LJI 1.1c. 33^3^ d. 1^1 ji<Jl 3 3^1 jj cjjji^l —^ 

. (C3//5O3/C3//5O3 ) ^\AilpKCi AjJa CIijIj ^ u<,i^I —j 
3^1^^ 3*-^^ 100 6.iAAj i L <.^ljj£3Ui <3j£il ajjIaII A.ijjii]i ~2 

.iijjj£jjj^ 3jl^ 4Jajjj|jj (5*^) 3j'^^'' Cy V(i = IOttiZ • Cq^ c^l^3U( (*5'a) 

^bE ~ 28.3771Z 3iLiaj .lic. 3 ^ 1 £j]I Aiaii ^1 3j^ . Cjy = 0.02 TTlolIl J^ (AZci^ -\- HO ) 

. djjIxAll 3^^-^ — I 

^ ^0 ^cliilujij ( Cq^ L-Lui^i ~S-^ 
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^^clilLajJ I jL<i . ^ ^jl<Jl A^joull L^Jjai^l “^ 

. p = 1 kg jl <vLil3 

2015 l^^l^abj ^28 

Ca oj ^Jj C^H^CO 2 H ciLjjiJI Jjl^ ^ — 2077iZ JrJ^ 

pH = f (V^) ^j L>^ C\\^A '^jlc. 0jtiill . Cfy = 0.1 TYiolU J^ (^Nci^ + OH ) 



V.(mL) 


* ^^LuiV ^ Vjj ^ 

. d^ljLAii (Jc-lij L_Jj£i “1 

. E 3^1£i 5I ^Uaki cjI^I.1^1 “2 

. Cq^ j^j!ill L_Lut^l “3 

.(CeHsC02H/CeHsC02~) pKa _S1 ^ -4 

3^14?7iZ 4 j£jjj .lie. 6.1^).iljSVl C_Lud^l “5 

(jl LaIc. ?0llljjjJ IiLi . Jc-lijll Tj^ ^l^l ^.^1 .1 ^jI ^ ^^^LaiVI 

.25°C .lie. duj 6^lx-a]| 
2013 ^29 

. C^ ® CH^COOH ciL^ljjVI ^ Ojj^ s-^ 

. 25°C d^l^)^l Aic. 3.8 pH _II ^ ~1 

. ^\jtA\ ^ ciSj^liijVI (J!>L^I 5JjLjt-<i ^jj£l -1 

C^ : 5JVaj jjl jiiJI .lie. ^.liill 5-^ c_jj£l 

■ WiO^Uj 

L<Jc. ciL^ljjVI (j>>^^ J^^1 j^jill ^Vnuil 

• ^ec? = 0.0158 : J 

j-G = 18777./ ‘ Cq^ j-o .i£till “2 

. jl^l j-G (j£-(i Ex AO jj^ >*1 (JLajUjujI . C^ = 10 ^ TTiOl/l * 

. d^lxxill j^iil —1 

. C^ c^Jjai^l ^ ( E(Vif^ fpH^i^ jal£!ill ^Uaki CjI^I.1^1 .1^ 

. 4.8 pH >1^ 6 3^^^^ j-® ^ij — 9777 / I AiLjaj Aie. “3 

. Ig um^I pj ( pKCi j pH aJV. 1 j 7 -—rr ^ajouII je. ue. -I 

^ ^ ^ ^ ' [CHsCOOHCaq)] * ^ 

. X ^cllLuol ^ ( X AijLuJI Ajjaull (je. 

? ^ciiiuii I jLo ( T ^.^i!il5 A^l^l Ajjaiill caui^I 
pKa(CH2COOH(aq)/CH2COO-(aq)) = 4.8 
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2011 ljIa^I^ t30 

•d — Xf3 j 27% iA21j]i diLd^^ixAli fjjSo 

. Cq = 8;8 TTlolfl S-JJ^J c-jLoiaJlj (jL — I — 1 

L>^ Vq = 10 TrI 6JjL*-a1 C^ = 0,1 TTiOlJl ^Jjl^ jA Li — cj 

^AljLaill Allxli 



.(Jic. ?^J^-uiJ 6^ljLXi]i 6^ cJ^ — ^ 

.6^)^ 50 ^ S ^ ^)jJa^ — 2 

^ 500 TTil jJjJa^Lj ^-JUojJ (^ill Jj£jjjj2l 

,S 

]/j^ = XO TTil \ ^^jL^Li aJojoiI^ .i^L — 3 
^ jLi pH — SI jW^ ^Ljol^ S ^ * >.>>*^ .S 

3* 7^**^ ^Lo^ti ^LiSi 4_^LL(i A2i L-SJju^njj ^)jji^i 

pH _Si ^L^ ojx \ ^ ^ 3jS^^St \ i^i^ ii' aJ^uluI^ ^^ijb.^xj ipH _Si A>i^ Ly^^ .^!>Li 3 ^j^ i^j^tiiLo ^Ljoi^i 

.(jl^i ^xuj^j cA2>ixSi 

?iiLiS ?jjjjJi ^ lS^-^L i uj^ t5^ “ pH _Si ^LjobO ^jJnj ^ *QJ^ — i 

.d^lxxiSi ^Uj) CjjL^i 33^^^ ^^Ix^i L_u£i — CJ 

.AjuLiSi Aij^)iaSi E 3^l£jSi ^ LV<i\ J ^jjj^i^^Vi cJ:?^ — ^ 

.5j^)ii^i AiixlS ^^^i j^jiiSi ^liiuii ^ 5* 3jS^^SS J^^i j^jiiSi c uj.i^i — j 

M(H) = Ig/mol . M(iVa) = 23gtmol . M(0) = IGgtmol 

2014 ljLi^I^ t31 

1 ^S-su cillil cAj^;!L<i pH _Si S^ljLAli NH-^ ^■^Loull (5*) c5^S-xi 3jS^x>S C][3 ^^^i 3:^3^^ 

Cq^ = 0.0157710Z/L J><^i j^ (^H^O^ -\- Cl ) ^LiSi jjl^ AJajoji^ (5) 3 jS^ x \S i ^xi l/^ = 2077iL 

. (3-^*^LaASi 3:1^-?^^ ^ ^^S-xxili 6.1^ 33^3^_5^>2S JaC.) ~i~l 

. ^vL^Si J ^ji-udjli 3j)S^^ (3:^ LLjjLaJi ^^ljx>j^Si 3j)^**^Si ^Aajj (_^^i 3^S-9j]i 3^9'^ 3^^ 

^L^i jLiJc-VL ^09~3^2dli ^ 25°C -lic. 1^jSc. 3^‘^^^Si ^jlHili —2 

. 3al£!ili A-lakj — i 

•Cb 3:^ 

.NH^/NHs pATa _Si ^ 

. 3^Si;^i i^ K 33^ duL A^(i^ c-Loi^i—3 
: ^^jJa-aaJi 3jS"\x>Si 3^ Va ~ 9mL ^Liaj do—4 

[NH4,J^ 

,X^ ^djli^ 1/^ _9 Cb AJVd AljLuli Ajjojjli 3^ 

do d^LxxJi 3^Sdl Tj^ ^l^-ili ^djSi A_ijd A^<id L—Lud^i —^ 

? ^llLaJj iiLi. A^LoiSi ^IdaVi 
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tCji^i^ 2015 b>^l^ ^32 

^^j^)juia]i ^)jL^li3LSi *lxJ (^'21 Cjj^V^ ^)A^ajc. C 5 ^ 4jr.t u^\l l"\\ yjV\A\ 2 -<^*ILjoJ 

^jlL<JI • <vL<JI ^ NH/^N0^ ^^ J^ lSJ^^ • ^ 

. 25°C >iic. ciuj cjLojI^I . 33% cjjjVt 3jjl<ill Ajjaiill ^1 ^jjVt u^ll 
^ Cl = 0.15 TTlolfl NH/^^ Jjla^ (j^ Vl = 2077iZ t = 0 AJa^l ^ 

0j^)a 31 pH . C 2 = 0.15 TTiolIl (^Nci^ + HO ) ^jj.ijj^l ■ \u * i^ jj.^ V 2 ~ IOttiZ 

5JjL*-a]Ij cjjLaJ! . pH = 9.2 ^^ic.lij]| 

. ^_^Luji — y^j!^ 3^^ ^^Luili (Jc-Liill j^\ ly^ “I ~\ 

. ^'YYldX ^ ^cUlLoiij .1^.^! ^r.t ^ 

. Xgq = 1.5x10“^ mol : uj'i^' 4 j 1 (j^ - _^ 

? 0 iiijjjj liLi . 3 c.lij]| V Jl ^ <\ i ^ ^ 1 n l\ i ^_Jjal^| — 

djl^ ^ 4_L<i TYi = Gg s-y^ ^ ^r .1 ^^ cj jjVt jA^aixi ^jldt ^Laijl ^ “2 

.ljjai£jjJ^ 3jla^ <Jajaj|^ ftjjUuj (5^) ^3-® ^a ~ lOlTiZ 1 250)77./ (*^a) C5^ c 

• V^l)E ~ 14)77/ ^Ljai .lie. ^1 £j1I a laqi ^\ (JjL-aj ( C^ = 0.2 TTiOljl ^jjIjjl^I 

.AlixSl Ali£ ^Hilujij (^5^) C^ ^j-<i]i 3 :i£^)j]i L_Luiai “1 

. Ali£j Alixll y Cj jjVl Ali£ Ajjaull : Ajli^l 5jjl3l 

? 0 mjjjj liLd . Aj^l ^ CjjjVt jJL^ai*] 4 -ili£ll ^jl<J( <ijuii]| ^ Un"\l “ 

M(H) = Ig/mol ,M(N) = 14g/mol,M(0) = 16g/mol PKa{NH^^/NH^) = 9.2 : ^ 

2012 t33 

i yyijjH^ ^ L^l^Iil^^ dj^lljJa<a]l y^ ^ Ci 3 //ig 02 • A 2 L<iaVi AIIxja^ y^^^ 

"ZOOTTig ^ilL3i 3 -<iaj ^^^auobG ( 3 £jjo (^ 5 -^ Cjl3lJjL-a]i 

M(^RCOOH^ = . RCOO AjjoLjjVj RCOOH —^ y^^t^ j^y la^2iill Iia 3£ ^ . <vLJI ^ 

. 25°C ^ L^U^t J£ ikjj . 206 g/mol 

Cq ^ *^0 Jjla-d ^Li Aj j2aJ ^ y^x^] y 200)77^ ^ 

. Vq = 500)77/ A-(^J 
Cq - 0.002 mo/// J c> “1 
. pH = 3.5 : ^1 5o J pH _Si ^1 -2 

. IjAa-d ^L<ili y^jy^i^] y^jii:^ 3 c.lij ^1 ^llill (.^lijljujjjlj “i 

. 31 -^ Qr y^ ^jj^l —c_j 


• Xmax J f-^' Xf Cj^ '■ (> ‘■r^ uJi^' ^ Qr '^J^ u' ~Z 


. K (jjl jiiSl dijlj A^y “1 
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^jjJjA-ali «lijLki£j^.l^ Sjj cJ L>® ^l) — IOOtTT./ ^ ^ .l^U ; I I^jIj 

S Jjia^ ^^lc> ^ S-^^J ~ 2 x 10 ^ Tfiol/l I ^ J^ aq aq) 

djjLjUj ^>J%J ^ AjtjJajj 5 * l! jWxtll ^j-a 20 tTII 4 ^1 ^>A*^ 

C^ = 2 X 10 ^ Tflol/l fij^jJ (j^jj.1^1 JJ^ 

I ft^ljLAli (^Jc-lij ^jlst-a 4 ^ W \A\ ^^^ic- 

// 3 O+ + OH- = ZHnO 

^ aq ^ 

. S^IslaII cJ^-^ 

£* AJakill Clsl^l^j ^ 4 3^l£!i51 AJaki “2 

. l^jjlx-a ClbaJ OH Q^q ~3 

^ dJc-lij ^iUj ^liLojI ^ OH Q^q ^jljjoil ^uL^Vl 6 ^L<JI ~4 

. >i^ijl«A]i R.C00H 

? ^LiiLaiJ I jLa 4 6 . 1 ^ljlA]i ASj£ 777 , LAJUd^i 

.34jj>^i 

. C H^N H^^ <vLa]I ^ LojIjjj! jA C H^N H2^^q>^ J:A^I 

^j-a Ai^_)3«-A] 4 (^S } cJJ aSj^ 's^a (j^l cl)^ *Oj,J^ 

=20 ITil ^ ^ AjuaLa AJajoii^ .1^1 .1^) . li!>Uaji 10 C*^l) ^ 

A^i 4^ljJal ^ AxjJaj 

^j^j^.1^1 Cy^ ^ ^ A^Laujo AJajoji^ 

(j£-aJ CjLujI^I .IxJ . Cq^ — 0.02 TTiolJl 
: J^' ^ uW^' ^ 

(2c-lij ^ Al.iljt-a c ^ n^i “2 

. 6^1jla]1 

.^\£;ill ^xaL^ ^cjILjjI ^ ^1£j1I ^ C.^\ L>® ~3 

. (2^1.^ ^clilLaji ^ Cij ^JaII L-Lui^i “4 

= 2 . 8777 / ^Lubl ^ -5 

. j)H c—Lui^i “I 

?^Vru*n (iLaj Tj^ ^1^1 Ajjoij c—Llu^I “L^ 

* ,j^ ^IaII (j^ .^Ijil “6 

. ^IaII 22^^^ 2-^^-^^ ^.^txA LA^i — I 

. PH j Kq _Sij 4 Cjj A^>li T ^ Ajjoij ^jc. 





? ^ciiiLjjj liLa 4 t' 


Ke = 10 


-14 


PKa{CH3NH3'^/CHsNH2) = 10.6 


20 












































































































































































































2017 




t35 Jjj^l 

. 4_L<i lOOg Cjijla^i Aij£ c/ 

^ itLoj^l j cJ^I Cy^ • A:^j^ (jl 4 p = 1.02 Q/Tfil 1^jlc. ^jj£ ^iLjdll 3^1 ^ *Ojj^ 

lA^tili (Jj^-^ 

. 200?7iZ l^iixjjj j^lJ IOOttiZ l^iixjuo — 

. 20777./ **i AjL-aLoj ( IO777Z kti AjL-aLa “ 

. jIa pH + ^ uijJaUx.^ Ja!>La^ + IOO777Z Ajxjjj A^Lajjj “ 

. Cfj = O.I7770Z/L I (A/Cl^ + OH ) J;ijai£jj^ Jjla^ “ 

^^jLoiJ aJ pH —SI 6 = IOO777Z A-aaLa. (S^) lSjS^x> ^^1 c> (JjA-aalS CjIjx 10 ^1 ^13 

lJ^* Cfj — O.I7770Z/L aJojojI^ (^1) lSj'^'^'SS O^ Vfi = 20777/ 'x>7k^ djjLx-aJ ^13 tdSi . 2.4 


(A/d^ + OH ) ^jj^jA-aSI (j-o — 13.75777/ 5 iljubj .lic-j 


[CHsCOO"] 

[CH 3 COOH] 


— 3.98x10 ^ AjjoiiH ciijl£ 


[CH 3 C 00 - 


— 1 AJjouSI 




[c /73 coo/7] 

^ L>>^1 ^ pH 7 aJ (JjS^ -^SS ^1 cii^i . ^ ■->».ftl ^ (JjS^ ^ Aji cJj^S Lii£-«G (3^S lSjS*^ pH (jS “1 

. (Jj)S‘^’<>Si aIoj^IuiaSI cjI^I^^I L^ “ I “2 

. d^ljLASi AjIaxS ~S-^ 

. (J^S-iiSl ^.^3 jS Vj*^ t5"^S ^ . .iijai£j^.ii^l 6.^^1 jjoj CH-^C00H c^Sj^IjjVS '^^SjlaSI “) “3 

lS jW^' <-5^ Cq JjSJ jli j (S^) Jjia-all C^ J^' ^Viu t i l — 

.(CH 3 COOH/CH 3 COO-) aAM pka^ _11 4^ -4 

^Jjc. o^LuJI 4 Q L V' = XS 771 Z/ ^LiJal 4j£. pH 4_«^ ~S 

. Mq = 16 g/mol t = 1 g/mol i Me = 12 g/mol :cjUa*^ 
pka 2 {CH 3 NH 3 ^/CH 3 NH 2 ) = 10.7 ^ Ke = IQ-^^ 

t36 

33% * cjLg^^LlaSI l^*i^\3ai ^LaSI ^yiA^\ ls^ lsJ^^ 

lSjS^x> JjL^aa^ 6 ^ 1000 —J 5*0 (JjS^^SI Cq J^jjSI Akjxjol . Cq Sq 

3jS^ 4\ 4 A^iiSi ^jc. ^ *^j*si ^tsu ^ .^aaaSI 3jS^ -^si = IOO 777 / s 4\-v^ . c^ ^^-<^1 6 ^ 3 ^^ 5*^ 

. .\)ui^JJ'^ A^USI CjIj^ lS^ cjS-^l . Cb — O.OI 7770 /// J^ljoi^jj.^ 

. 6^1*-aSI 3^Sij L_3j£i “1 

. C'l ^ciiiLojI ^ ^1 £jSI .He. ^Lja-aSI L>® ~2 

. Sq J jS^^SS Cq jjSI “3 

AjI iAaSI aI^^ (_S ^cl^rfQlS Aj^^j.^!! Ajjuil^SI 3 ^ ^ —4 

l)^j *S'q ^ AjjjHSI . jjS^^SI (j-G 10Op 

?A3A^aLaSi Lq 
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t37 

• C^H^COOH CO 2 » \U ). i^ l Cy^ l$j^ uj^ 

]/^ — 1 Alxi *1^1 j cdlj j^)jul«Ali 1^ d^lx-o AjLaC. 45^ 

(^NCL^ “h ^jJ^jjL^i >lijai£j^J^ (Jj)\^<o 4d^lju ^ 4y j l3:J^)^ L)^ ^^2 SOtYIL 

pH = ■ \u * i^ jj>^ ij^ Vfj = AtyiL 4iljjal .lie. . Cfj = 0.^ TTiol/L^j^\ jAj^^ lS'^ ho ) 

. 25°C ^jj ^ 4 

.S^Ula]! (J^>L^ (Jjl^L^I (Jj^(.Jc.lij]l j^jc> 4^Lixj£ii 4j^ljt-<i]i L-ii^i ~\ 

. d^Lx-ali (_)c.lij ~2 

?01lijjJj I jLdJ Jc.lij]| Tj^ ^1^1 4_^ C_Lai^l “3 

.Jc-lijll 1 . 1 ^ k (jjt jiilt dijlj; uj>i^I “4 

CaVa ~ cjl 3^l£!i31 ^b ^L-bl .lie. 4_il ^.^1 J4_il*ILajVli “5 

. Q M--' 4 4 v„(l + 

pKa(CeHsCOOH/CeHsOO-) = 4.2 Ke = IQ-^^ 

^38 

^ 4 jiaLJI ^.LJI (jxi SOOttiI ^ Ai<i 77i = 0.48^ :4jj£ J!A:aJlj cdlij CyiH2n+iC00H 

. pH = 3.39 4J pH _SI o-lJ 25°C s Jj^\ ^j^ 

. ^LoSI (Je.li!iS 4.^AAl.aSI 4 J.^Ijl^I l-jj^I ~l 

. Je.lijSI V j.1^ ^ 5 ^ 

jj£jiiSI Ca pKa^ = 4.76 : ^ C^//2n+iCOOH/C^//2n+iCOO” : ^UjlSp/fai—SI jl lil -j- 

.(j>>xt^Sl I^A ajlix^ g-vrunl “J 

^jjjjjL^I 4 Ull^i 3*^ 3-^si — 'ZOtyiL ^ ^jli ^^^1 ^a .^liiiS “1 

pH ^ t-i-.u4 = 8mZ ^Ljal .lie. i jjU^I e.Ujl4 C^, = 2x10“^ mol/l t4>^' *j4(ZVa'*' + HO~) 

. pH = 5.36 >aJl ^ Jjl^l 
. S^IjLaSI 3^1-^ (._jj£I “I 

y^Vnun liLftj 6^1 jlaSI 3^1-^ H (j3^J^^ dijlj L_Lui^l “4_j 
L_Lui^l ^ ^bE ~ A~ 10^^^ • ^\_3 ^1£jSI 3^1 ^LujVI (3^ ^Luial .lie. 4_il 

. (jiaAiiJ C(i J j^aJI jjll ^clmjjil ~ J 

H = lg/mol 0 = 16g/mol C = 12 g/mol 







